high-level resistance to and/or resistance to synergism with tobramycin, kanamycin, amikacin, sisomicin, and netilmicin (5, 7, 10, 18, 19, 23) . Genetic determinants encoding this bifunctional enzyme are known to be carried on transposons in some Australian isolates of S. aureus (Tn4001) and United States isolates of Staphylococcus epidennidis (Tn4031) (17, 25) . We recently have shown that a Gmr transposon (TnS281) also is present in E. faecalis on the conjugative Gmr 3-lactamase plasmid, pBEM10, located in the Houston isolate HH22 (12, 13) . All three transposons (Tn4001, Tn4031, and TnS281) are similar, if not identical, composite transposons composed of a 2.0-kb unique region encoding the aacA-* Corresponding author. t Present address: Christ College Irvine, Irvine, CA 92715. aphD that is bounded on each side by insertion sequences 1.35 kb in length (IS256 in Tn4001) for a total length of 4.7 kb. These elements contain symmetrically located HindIII (2.5 kb apart), ClaI (slightly greater than 2.5 kb apart), and HaeIII (3.9 kb apart) sites (13, 16, 25) . All three transposons are known to move in a rec-independent manner (13, 17, 25) .
North American isolates of Gmr S. aureus share some homology with Tn4001, Tn4031, and TnS281, as they contain a 2.5-kb HindIII fragment that hybridizes with Tn4001; however, they lack the HaeIII sites located 3.9 kb apart and instead have symmetrically located BglII sites (-3.15 kb apart) not found in the three Gmr transposons (16) . Heteroduplex analysis showed that inverted repeats were present at the termini of the region surrounding the Gmr determinants in the North American S. aureus; however, these termini were shorter than those present in Tn4001 (16) . Nucleotide sequencing data revealed that the region encoding Gmr in the North American isolates of S. aureus is bounded on each side by 425 bp of the IS256 elements with both sides missing the external 900 bp of IS256 (3) . In place of the external portion of IS256, these isolates have three copies of a commonly occurring staphylococcal insertion sequence, IS257 (3) . Studies have shown that these Tn4001-IS257 hybrids are transposition deficient (25) . In this study, we compared TnS281 located on pBEM10 in E. faecalis HH22 with other Gmr isolates of E. faecalis from Houston, Pennsylvania, Chile, and Thailand. Using restriction endonuclease analysis and DNA-DNA hybridization with three probes (from the Gmr gene, from IS256, and from IS257), we investigated the relationship of other Gmr enterococci to TnS281 and the North American isolates of S. aureus that have nonmobile Gmr determinants.
(This work was presented in part at the Streptococcal (9, 19, 20, 22) . All three S. aureus strains used were clinical isolates from the United States which contain large conjugative plasmids that confer resistance to gentamicin. Two of these plasmids, pCRG1600 and pGO5, also carry the gene encoding ,3-lactamase production, while S. aureus strain L3711 has a 3-lactamase gene residing on the chromosome (26) . The United States isolates of Gmr S. aureus were kindly provided by M. L. Cohen (L3711) (6), R. V. Goering (CRG1600) (11) , and G. L. Archer (G5) (1). Archer also provided the probe strains G0156 and G0121. All bacterial strains were grown at 37°C. Gentamicin concentrations used were 1,000 ,ug/ml for E. faecalis and 10 ,ug/ml for both Eschenichia coli and S. aureus. DNA collection, restriction endonuclease analysis, and gel electrophoresis. Plasmid DNA was collected by using the following methods: (i) modification for gram-positive bacteria of the Currier and Nester (8) cell lysis procedure for enterococci (26) used. The top line shows Tn5280 (13) . The lower element is typical of GmT North American S. aureus and some enterococci (3, 16, 25 RESULTS AND DISCUSSION Restriction analysis of Gm' plasmids from E. faecalis. HindIll digestion of the Gmr plasmids revealed the presence of a 2.5-kb fragment common to all Gmr isolates of E. faecalis from Houston, Pennsylvania, Thailand, and Chile. All 2.5-kb HindIII fragments hybridized with the Gmr gene probe (Table 1 ; data not shown). All isolates also had a 1.5-kb AluI fragment that hybridized with this probe, suggesting that all of these enterococci contain the same aacAaphD coding region known to be located on a 1.5-kb AluI fragment in the E. faecalis plasmid pIP800 (10). The AluI sites are known to lie just exterior to the aacA-aphD coding region in pIP800.
HaeIII digestion of plasmid DNA from Gmr E. faecalis revealed that pBEM10 (containing TnS281), X-H181 (Houston), CE13 (Chile), and X-CE30 (Chile) had a 3.9-kb fragment that hybridized with the Gmr gene probe; this suggests that in these strains, Gmr may reside on a transposon similar to TnS281. However, larger HaeIII fragments from X-Penn (Pennsylvania), X-H197 (Houston), and X-Th133 (Thailand) hybridized, suggesting that not all Gmr E. faecalis contain a TnS281-like transposon.
Since Fig. 2 (lanes 2 to 5 and 7 to 9). Both X-Penn and X-H197 have a BglIl fragment about 3.0 kb in size (Fig. 2a, lanes 3 and 5) , while none of the other enterococcal plasmids have a BglII fragment of this approximate size. Figure 2b shows that the aacA-aphD coding region is located on an -3.0-kb fragment in both X-Penn and X-H197, as these fragments hybridized with the Gmr gene probe, while the coding region was located on larger BglHI fragments in the remaining plasmids.
Hybridization data obtained by using the Gmr gene probe are summarized in Table 2 . The Gmr determinant in pBEM10 is known to reside on TnS281, with the plasmids from E. faecalis X-H181, CE13, and X-CE30 all having restriction endonuclease digestion and DNA-DNA hybridization patterns indicating that their Gmr determinants reside on TnS281-like elements. It is not known whether these putative TnS281-like elements are mobile. These E. faecalis strains were isolated in Houston and Chile, which suggests that TnS281-like transposons can be found in diverse geographical locations in E. faecalis. However, our data also suggest that Gmr determinants in E. faecalis are not always carried on TnS281-like elements, since the Gmr determinants in X-Penn, X-H197, and X-Th133 have restriction endonuclease digestion and DNA-DNA hybridization patterns different from those expected for TnS281-like elements. Both X-Penn (from Pennsylvania) and X-H197 (from Houston) have similar patterns, whereas the Thai isolate (X-Th133) appears to have a pattern unrelated to the other enterococcal Gmr patterns.
Comparison of enterococcal and staphylococcal Gmr plasmids. Since the enterococcal transposon, TnS281, previously had been shown to be like the staphylococcal transposons, Tn4001 and Tn4031, and since the restriction and hybridization data obtained for some of the enterococcal strains appeared to correspond to those published for the North American isolates of Gmr S. aureus, we investigated the relatedness of regions encoding Gmr in E. faecalis strains isolated in diverse geographical locations, several Gmr North American S. aureus, and Tn4031 from S. epidermidis by using restriction endonucleases and DNA-DNA hybridization analysis. Restriction enzymes were chosen on the basis of the known nucleotide sequence of Tn4001 from S. aureus (4, 23) . Table 2 summarizes the hybridization data for the isolates studied and expected hybridization results for Tn4001 (S. aureus) based on published restriction maps and the nucleotide sequence (4, 23) .
As with the enterococci, the staphylococcal Gmr plasmids also contained a 2.5-kb HindIII fragment that hybridized with the Gmr gene probe. The three Gmr transposons (Tn4001, Tn4031, and TnS281) are known to contain symmetrical ClaI sites located 2.5 kb apart, positioned just 15 bp outside of the symmetrical HindIII sites, and all but one (X-Th133) of the enterococcal and staphylococcal Gmr isolates tested had a 2.5-kb ClaI fragment that hybridized with the Gmr gene probe. The S. aureus plasmids pL3711 and pCRG1600, like X-Penn and X-H197, have an -3.0-kb BglII fragment that hybridized with the Gmr gene probe (Fig. 2,  lanes 11 and 12) . The 3.0-kb BglII fragment is slightly smaller than the 3.15-kb fragment reported by Lyon and coworkers (16) ; however, the size of the BglII fragment observed in these two E. faecalis plasmids was the same as that seen in the United States S. aureus isolates pL3711 and pCRG1600 ( Fig. 2 and Table 2 ) and the same size as the sequence reported by Byrne et al. (4) .
On the basis of the nucleotide sequence of Tn4001, two HincII fragments (1.2 and 2.2 kb) should hybridize with the Gmr gene probe if the regions surrounding the Gmr determinants are related to Tn4001-like transposons. This hybridization pattern was seen with Tn4031 and all but three E. faecalis isolates (X-Penn, X-H197, and X-Th133). In addition, none of the United States isolates of S. aureus had HincIl fragments of the size expected for Tn4001-like elements (Table 2) . Similar data were obtained by using ScaI, which, for Tn4001-like elements, should show hybridization of two fragments (1.5 and 1.8 kb). Again, the same three E. faecalis isolates (X-Penn, X-H197, and X-Th133) and the United States isolates of S. aureus all lacked the Tn4001-like pattern.
Hybridization studies with the IS256 probe. According to sequencing data, Tn4001 is essentially composed of a 3.9-kb HaeIII fragment bounded by 0.3-kb HaeIII fragments (4, 23) ; both related elements, Tn4031 and TnS281, generate the same restriction pattern (13, 25) . The 3.9-kb HaeIII fragment contains the Gmr gene and about 1.3 kb of the surrounding IS256 elements, whereas the 0.3-kb HaeIII fragment consists entirely of IS256 sequences. Therefore, a probe specific for a 1-kb region of the IS256 element containing the terminal domain of Tn4031 starting at the ClaI site and heading away from the Gmr coding region was used to determine whether any of the Gm' isolates had the 0.3-kb HaeIII fragments that lie at the termini of related transposons. Hybridization showed that 0.3-kb HaeIII fragments from E. faecalis pBEM10, X-H181, CE13, and X-CE30 plasmid DNA hybridized with the probe (data not shown), as did the 3.9-kb HaeIII fragment containing the Gmr gene. Presence of the IS256 element adjacent to the Gmr coding region in these plasmids is further evidence that they contain a Tn400l-like element. The Gmr plasmids from three isolates of E. faecals (X-Penn, X-H197, and X-Th133) had fragments of >3.9 kb that hybridized and lacked the 0.3-kb HaeIII fragment, confirming earlier observations that the Gmr determinants in these plasmids are not located on a Tn4001-like element. Since multiple copies of IS256 are present on both staphylococcal plasmid and chromosomal DNA without the presence of Tn4001, several restriction fragments generated by HaeIII digestion of the S. aureus plasmid DNA hybridized with the IS256 probe; however, none yielded a Tn4001-like pattern (data not shown).
Hybridization studies with the IS257 probe. Byrne and coworkers have reported that the region encoding the Gmr gene in the North American isolates of S. aureus contains only partial copies of IS256 and have three intact IS257 elements in the adjoining region, creating a Tn400l-IS257 hybrid (3). Since three Gmr isolates of E. faecalis apparently do not contain Tn4001-like elements and because two of these isolates have -3.0-kb BglII fragments, we used a probe specific for a 250-bp internal segment of IS257 (IS431) to determine whether any of the enterococcal plasmids contained copies of IS257 in the area surrounding the Gmr gene. IS257 (IS431) is a commonly occurring insertion sequence that is known to be present in multiple copies on the staphylococcal chromosome and some staphylococcal plasmids. Byrne et al. (3) have sequenced all three IS257 elements from a Tn4001-IS257 hybrid and have shown that the three elements are not identical to each other or to other IS257 elements that have been sequenced (89 to 97% homology). Since the sequences are varied, the three copies of IS257 present in a Tn4001-IS257 hybrid do not generate the same restriction endonuclease pattern. Our initial hybridization data were obtained by using plasmids digested with restriction endonucleases having recognition sites within the Gmr coding region known to be the same in both the enterococci and staphylococci. Table 3 shows a comparison between the hybridization data obtained by using the Gmr probe and the IS257 probe for several enterococcal and staphylococcal isolates. Fragments hybridizing with both probes suggested that the Gmr gene and at least a portion of the IS257 element were located close to each other but did not indicate whether the regions were contiguous. Both X-Penn and X-H197 had HaeIII and ScaI fragments that hybridized with both probes, whereas different fragments of pBEM10 (containing TnS281) hybridized with the probes. On the basis of probe data, it appears that X-Penn and X-H197 each contain at least two copies of IS257, one on each side of the Gmr gene. Although hybridization to the IS257 probe indicates that pBEM10 contains at least part of an IS257 element, it does not appear to be adjoining TnS281, the transposon carrying the Gmr determinant in this plasmid.
Analysis of the nucleotide sequence data available for the different IS257 elements revealed that all of the IS257 elements contained a unique NdeI recognition site (3) . NdeI digestion of Tn4001-IS257 hybrids should generate a 3.5-kb fragment that would contain the Gmr gene, the two residual remnants of IS256 (each 425 bp in length), and two copies of part of IS257. If the enterococcal Gmr determinants are located on a Tn4001-IS257 hybrid, they would be expected to generate a 3.5-kb NdeI fragment that would hybridize with both the Gmr gene probe and the IS257 probe. Our hybridization data suggest that two enterococcal isolates, X-Penn and X-H197, contain a Tn4001-IS257 hybrid, as each yielded the expected hybridization results ( Table 3) . None of the other enterococcal isolates appear to contain a Tn4001-IS257 hybrid; however, three of the plasmids (pBEM10, CE13, and X-CE30) contain both a Tn4001-like element and at least part of IS257. Therefore, it appears that the commonly occurring staphylococcal insertion element (IS257) also may be common in enterococci; however, IS257 was not found on enterococcal plasmids in multiple copies as it is frequently found in staphylococci.
In conclusion, the Gmr determinants in various E. faecalis isolates from diverse geographic locations share some similarities (common patterns for HindIII, ClaI, and AluI) but also are divergent from each other. The Gmr determinants in three isolates of E. faecalis (H181 from Houston and CE13 and CE30 from Chile) were shown to be located on a region similar to Tn5281 which in turn is similar, if not identical, to the staphylococcal transposons Tn4001 and Tn4031. The Gmr determinants in two strains of E. faecalis (Penn from Pennsylvania and H197 from Houston) have restriction endonuclease and DNA-DNA hybridization pattems more similar to those of the nonmobile Gmr determinants in North American isolates of S. aureus and apparently contain a Tn4001-IS257 hybrid. A third pattern also exists, as an isolate from Thailand (Th133) was found to differ in the region surrounding the Gmr gene from either of the other two patterns.
